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EXECUTIVE SUMMARY

Moisture-induced corrosion significantly degrades spare parts
and material readiness. It increases life cycle and maintenance
support costs. Corrosion can be in the form of rust, water
stains, mold, mildew or other types of organic and inorganic
degradation. Corrosion reduces productivity - of people and of
resources.

The cost of corrosion to the U.S. economy is tremendous .-y
Research conducted by the National Bureau of Standards as well as
the U.S. Army Material Technology Laboratory, estimate that 4.2
percent of the Gross National Product, or around $170 billion is
the cost of metallic corrosion alone. Adding costs of corrosion

impacts on other types of materials such as electronics, clothing

and textiles significantly increases the total cost to the
economy. Mt is fumther estimated that some $2-4 billion in
corrosion damage occurs annually in each of the individual U.S.
Military Services.~—_

In basic terms, three main things must be present in order
for corrosion to be created: air (oxygen), moisture and a
chemical, or electrochemical, reaction. Take away any one of
these and there is no corrosion problem. Moisture reduction is
by far the most effective corrosion prevention technique and the
focus of this report. Research indicates clearly the direct
relationship between relative humidity (RH) and corrosion rates.
An initial study demonstrated that at above 50% RH the rate of
corrosion of iron, lead and aluminum changes from a linear to an
exponential progression. Further study indicated the rate of
corrosion at 55% RH was minute while at 95% RH the rate was very
high, with rates of corrosion at the higher RH values ranging
from 100-2000 times greater than corrosion rates at lower

‘humidity values.

\§>Protective coatings are widely used to protect against
moisture-induced corrosion. Properly used, protective coatings
such as paint or other topical coatings can be moderately
effective in reducing corrosion and protecting against its
impacts. - Various types of containers and barrier materials are
also employed to prevent the movement of moisture across them
into the space to be protected.
\JTD &=

The use of "dry air" to preserve and protect various
materials has been in practice for thousands of years. Natural
dehumidification by locating in a dry climate, is frequently an
optimal solution. The Egyptians have long known the benefits of
using the dry desert climate to protect and store their national
treasures.

In fact, the most effective corrosion prevention technglogy
is environment modification, i.e., dehumidification. Dynamic
dehumidification can be accomplished through the use of heating,
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refrigeration or desiccants. Traditional desiccant ‘

dehumidification equipment has been successfully used in military (g
and commercial applications since World War II. This equipment, o
which is of a granular or liquid type, has proved to be cost- .
effective and has been shown to reduce the relative humidity and O
dew point of air, thereby eliminating corrosion and its negative ")
impact. Wide-spread use of traditional dehumidification Q
equipment, however, has been limited to select applications due Ny

to its large size, weight, complexity, energy consumption and N
high life cycle and maintenance support costs.

). {
The state-of-the~art in dehumidification technology includes &
cost-effective, self-rejuvenating dehumidification equipment. Y
Known as the Desiccant Wheel, or "DEW”, this technology utilizes Q
a desiccant impregnated honeycomb-construction wheel. DEW iy
technology has resulted in reduced size (portability), reduced
power requirements, improved maintainability and reliability due N
to few moving parts, and simple operation with minimal training. '?
19e8
Application of this new technology has been wide-spread, K
both within industrial and military communities. In Europe, the A
technology is used for preservation of both material in storage !
and operational equipment, with savings on the order of $5 for )
each $1 invested. Equipment has been stored, unattended, for 45
more than 11 years, and remained ready for immediate use. U.S. '
Military Departments are looking at a variety of applications g
for this new technology equipment. Yy
The Defense Logistics Agency has long recognized the .ﬁ
benefits of "dry air" for storage applications. DoD and DLA 2
storage, preservation and materials handling directives indicate ?ﬁ
that various materials/items can benefit from storage in a dry q&

environment with a low relative humidity. Advances in \
dehumidification technology are such that expanded application to

DLA storage requirements can be accomplished, with the e
realization of resource savings and improved customer support. X

It is recommended that a program be developed to implement EAgr
state-of-the-art dehumidification technology for the prevention v
of corrosion within DLA. Such a program should include the ]
evaluation of the economics of application of dehumidification )
technology. Policy development should result in direction that #
calls for the application of corrosion prevention using new .

technology, beginning with revision of DoD 4145.19R-1. The
DLA corrosion prevention program should include technology
evaluation, economic analyses, technology application goals and
benefits tracking, as well as integration with related DoD and %
Military Department programs.

B T B G T B M X M T LA A N P M DN M ™ Yo
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STATE~-OF-THE-ART DEHUMIDIFICATION

COST-EFFECTIVE CORROSION PREVENTION

THE PROBLEM - CORROSION

Moisture-induced corrosion significantly degrades spare parts
and material readiness. It increases life cycle and maintenance
support costs. Corrosion can be in the form of rust, water
stains, mold, mildew or other types of organic and inorganic
degradation. Corrosion reduces productivity - of people and of
resources.

The cost of corrosion to the U.S. economy is tremendous.
Research conducted by the National Bureau of Standards as well as
the U.S. Army Material Technology Laboratory, estimate that 4.2
percent of the Gross National Product, or around $170 billion is
the cost of metallic corrosion alone.(l) If one considers the
financial impact of corrosion on other types of materials such as
electronics, clothing and textiles to name just a few, the
numbers are even more staggering. This figure includes
approximately $2-4 billion in estimated annual damage in each of
the individual U.S. Military Serxrvices.

While a cost of corrosion loss for the Defense Logistics
Agency was not determined, the large scale storage of materials
susceptible to the negative impact of corrosion indicates that
such losses are extensive. Application of state-of-the-art
corrosion prevention technology can indeed be effective in
reducing DLA corrosion losses and in improving support to the
ultimate customer.
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JHE CAUSE - MOISTURE

In basic terms, three main things must be present in order
for corrosion to be created: air (oxygen), moisture and a
chemical, or electrochemical, reaction. Take away any one of
these and there is no corrosion problem.

Since oxygen is always present in the atmosphere, the
variable that determines if corrosion will take place or uct is
the concentration of moisture. Moisture, however, should not be
used interchangeably with precipitation. Scientific experiments
carried out actually show no clear relationship between
precipitation ard the formation of corrosion.(2) Research does,
however, clearly indicate a direct relationship between relative
humidity and corrosion rates.(3) Thus, covered storage is not

necessarily a key to corrosion prevention.

Relative humidity (RH) is defined as the ratio of the vapor
pressare of water in a given mixture compared with the vapor
pressure at saturation at the same temperature.(4) In other
words, RH is the percentage of moisture in a given sample in
relation to the maximum moisture content of air at a specified
temperature.

The link between RH and corrosion is not new. As early as
1923 and 1927, W.H.J. Vernon outlined-the characteristics of iron
in his reports to the Atmospheric Corrosion Research Committee of
the Faraday Society. Vernon demonstrated that at above 50% RH
the rate of corrosion of iron, lead and aluminum changes from a
linear to an exponential progression. His research also
indicated that the layers formed on the surface of those metals
by corrosion tend to accelerate the rate of corrosion rather than
to decrease it.(5) Vernon’s research may appear to be dated,
however, the general conclusions from this research have not
changed. These studies are the starting point for all subsequent
research on the subject of the relationships between corrosion,
humidity and atmospheric contamination.
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As evidence of this fact, research conducted by S. Tosto and
G. Brusco in 1984 clearly indicated the relationship of
increasing relative humidity to increased corrosion in both High
Strength Low Alloy and Low-Carbon steel. Their study indicated
the rate of corrosion at 55% RH was minute while at 95% RH the
rate was very high.(6) 1In fact, at a high relative humidity,
rates of corrosion are 100-2000 times greater than corrosion
rates at lower humidity values.(7)

Research has proven that the rate of corrosion is also
influenced by pollutants. The greater the pollution, the higher
the rate of corrosion. This is especially true of sulfur dioxide
(SO2) which is a very common atmospheric pollutant. The effects
of relative humidity and contaminants on various metallic
substances are also clearly shown in a number of other scholarly
reports including research conducted by the U.S. Army Packaging,
Storage and Containerization Center. (8)

Corrosion and the negative effects of high relative humidity

and moisture are not, however, limited to ferrous metals. Damage

due to moisture (humidity) can occur on all types of materials.
Given today’s weapon system technologies, readiness is being
degraded due to corrosion impact on such items as avionics and
electronic circuitry. The impact of corrosion on modern
weaponry, which is extremely susceptible to moisture-related
faults, underscores the need for effeétive corrosion prevention
technology applications.

Various items/materials have the ability to absorb moisture.
The majority of these "hygroscopic" materials are in equilibrium
at around 50% RH. Humidity above this point can cause various
types of damage dépending on the material. The strength of paper
and corrugated fiberboard, for example, deteriorates with high
humidity. Explosives can also be damaged by high relative
humidity levels, substantially reducing shelf life. Dimensional
changes can be encountered in wood and certain plastics if
excessive moisture has been absorbed, making them unusable.

-5-

; N O W WA s Rt
Wttt SN N L A T R R R A i A

P

LWL K

"...‘—

&



PRI RY U UL R TS L M U W T M NS W TW G L W R G R I T T T * T4

Avionics and electronic circuitry can be rendered useless due to
contact corrosion. 1In fact, the U.S. Air Force Materials
Laboratory has found that a RH of 35-40 % is the ideal
environment for optimum avionics equipment operation and storage.
Mold, fungus and other types of bacteria will form above 70% RH
on items such as clothing, textiles and leather.(9) Microbial
destruction means not only decomposition and odor, but also a
mechanical weakening of, for example, textiles and leather. High
temperatures can further increase the activity of micro-
organisms, which complicates the problem. The cause, however, is
still the same - MOISTURE.

Unfortunately, like the surprised driver who one day puts his
foot through the floorboard of his car, we seldom notice or
attempt to prevent the silent disease of corrosion until material
strength or force readiness have been undermined.(10) Correcting
corrosion-induced damage like various forms of rust, mold, mildew
and contact corrosion significantly increases operation and
support costs. It also translates directly into additional

maintenance personnel spaces, tools, test equipment, supplies and

facilities. Preventing corrosion is a key to cost-effective
operations.(11)

THE OPTIONS - TO STOP CORROSION

Protective Coatings

Protective coatings are widely used to reduce the negative
impact of corrosion. Properly used, protective coatings can be
moderately effective in reducing corrosion and protecting against
its impacts. 1In certain applications, such coatings may be the
only alternative.

Unfortunately, while the use of paints, oil-based
preservatives and other coatings is helpful, the process is

extremely labor intensive, expensive and the ultimate result
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often means reduced readiness for that item or material.(12)
Coatings can also become ineffective when scratched or otherwise
damaged. Corrosion can even be increased if surfaces are not
prepared properly. Moisture can actually be sealed into the

space or material being coated creating adverse results.

Packaging

The use of traditional packaging for corrosion control is
widespread throughout the Department of Defense (DoD) and the
economy as a whole. Various types of containers and barrier
materials are employed to prevent the movement of moisture across
them into the space to be protected. Packaging in water-
resistant or water-vapor resistant barriers can be especially
effective for items in storage and transit, where no other
corrosion prevention alternatives exist. Modern technology has
developed a variety of new packaging techniques which can be
effective for specific applications. Packaging techniques, while
effective, are often expensive. For example, to address Air
Force needs for ammunition storage, it is estimated that new,
relatively small, containers will cost some $300 each (see
discussion Appendix 1).

Packaging techniques do not always prevent moisture-related
corrosion and faults. According to the laws of physics, moisture
in the form of water vapor will always flow from high vapor
pressure to low vapor pressure. In many cases the packaging
employed cannot stop nature and moisture damage occurs.

Packaging can also be damaged during handling and transportation
rendering this corrosion control technique ineffective. The use
of desiccant (static) materials such as silica gel and activated
alumina can increase the effectiveness of packaging. This
material is placed into the container and absorbs moisture when
it enters the container or space to be protected. Damage to the
container can negate the effectiveness of this packaging approach.
Manpower requirements and desiccant replacement increase the
overall cost of this option.

-7-
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Environmental - Dehumidification

The use of dry air to preserve and protect various materials
has been in practice for thousands of years. Natural
dehumidification by locating in a dry climate, is frequently an
optimal solution. The Egyptians have long known the benefits of
using the dry desert climate to protect and store their national
treasures. Some years ago, a perfectly preserved mummy was
removed from its resting place in the desert and brought to a

. museum in England. The higher relative humidity resulted in

immediate decay. But, after placing the mummy in an atmosphere

-
)

of dry air created by a desiccant dehumidifier, all decay was

-

once again halted. World military forces are also familiar with
the benefits of dry air. This explains why the U.S. Air Force
stores aircraft in the desert of Tucson, Arizona.

o, W -
.-‘ﬂ‘

Since the feasibility of storing all equipment in a dry
desert climate does not exist for obvious reasons, a method was
developed to bring the dry environment to the equipment. Dynamic

\ dehumidification was pioneered and refined during the 1930’'s. At
the end of Worid War II, dehumidification was used to preserve
(or "mothball") some 3000 merchant and naval vessels.
Dehumidification was also used extensively to preserve and
protect equipment stored in warehouses. This practice continues
today and one of the main reasons the 1981 - 1983 refit of the
Battleship Iowa proceeded on time (and under budget) was that
corrosion was not perceptible within the sealed envelope of the

! ship. (13)

Dynamic dehumidification can be accomplished through the use
of heating, refrigeration or desiccants. During heating of the
air, the moisture content (absolute humidity) and dew point (the
temperature at which moisture condenses out) remain unchanged.
To maintain acceptable RH levels by heating, the air in the room
must be heated well in excess of the outside ambient temperature
in the summer and winter. Using heat there is also a great risk
that the temperature of the materials will occasionally be lower

.
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than that of the surrounding air. The dew point of the material &:
will be lower than that of the surrounding air and condensation %
(and corrosion) will form. Heating is also very expensive and "
not practical for most applications. :z

Q‘

Refrigeration can also be used to dehumidify the air. 1In )
this process moisture is actually condensed out. Refrigeration, e
however, is most effective in hot, humid conditions where a i~
relative humidity of 65 - 70% is desired. If a lower RH level is ;:
needed (50% for example), or if the refrigeration equipment must ?(
operate at ambient temperatures of 45°F - 50°F, this method is 29

not practical or cost-effective.(14)

Dynamic dehumidification through the use of desiccants is

another method used to control relative humidity and prevent

LT P e

corrosion and moisture-related damage from occurring. Moisture

removal occurs by passing air over substances which have a strong

.
-
.-

affinity for moisture. These substances are known as desiccants

and are capable of extracting moisture directly from the air.

3
]

Traditional desiccant dehumidification equipment has been f
successfully used in military and commercial applications since Y
World War II. Such equipment has proven effective in certain ey
operational functions and large scale storage facilities. This :
equipment, which is of a granular or liquid type, has proved to 3
be cost-effective and has been shown to reduce the relative Ky
humidity and dew point of air, thereby eliminating corrosion and Y,
its negative impact. Wide-spread use of dehumidification ?f
equipment, however, has been limited to select applications due o
. '

to its large size, weight, complexity, energy consumption and -
high life cycle and maintenance support costs. %:
E,

o
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TATE-~-OF - —ART DYNAMIC DEHUMIDIFICATION : $
.E:
The Technology ' ’v
by
In Scandanavia, corrosion problems due to high relative a;
humidities, pollution and salt air have long caused difficulty ﬁj
for the military and industry. Driven by military necessity, L,
proximity to potential adversaries, and to reduce logistics l
support costs for materials, equipment and weapon systems, Sweden ;
adopted and further developed state-of-the-art dynamic ﬁ‘
dehumidification technology. They set as their ultimate weapon ;‘
system/equipment/material preservation and corrosion prevention s
requirements such parameters as: _;
Ny
o Effective dehumidification in all climates A,
© Low investment cost Rf
o Low operating cost R
o Simple installation g
0 Simple maintenance and supervision ﬂ‘
O High reliability y
0 Rugged, light-weight and compact (15) &ﬁ
\
To meet these requirements, a unique and cost effective, .
self-rejuvenating dehumidification technology was developed. ;?
Known as the Desiccant Wheel, or "DEW", this technology utilizes .ﬁ
a desiccant impregnated honeycomb-construction wheel. Operating o
on a rotary principle, air is dehumidified in one section of the
wheel while the desiccant is simultaneously dried and reactivated i
in another section (Appendix 2). Further technology developments )
in support of the Desiccant Wheel now make available a variety of &
DEW technology equipment that does meet the above stated b
requirements. These developments include reduced size !
(portability), reduced power requirements, improved Ez
maintainability and reliability due to few moving parts, and ¥
simple operation with minimal training. '
%
5
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Expanding Technoloqgy Applications

While the technology has been effective in all traditional
applications, it is inceresting to note that new applications
have also been developed that capitalize on its size and
capability advantages. For example, significant strides have
been made with this technology in the area of vehicle
preservation. Recent evaluations by the Federal Republic of
Germany (FRG) Bundeswehr and the U.S. Army on the use of DEW
technology dehumidification in association with flexible plastié
covers may revolutionize the methods by which vehicular equipment
is stored and maintained.

In Bundeswehr evaluations of DEW technology, M48-A2 main
battle tanks were overhauled and then placed into flexible
plastic covers connected to DEW dehumidifiers. The evaluations
began in the summer of 1976. The method, using flexible plastic
covers and DEW dehumidifiers, is referred to as the Enclosed Dry
Air Method (EDAM). The M48-A2 tanks were stored, without any
maintenance whatsoever being performed, for a period of 11 years
and 3 months. Upon removal in October, 1987, the tanks were
tested, driven and weapons fired. The results verified that the
vehicles were totally free of corrosion, fully operational and

in a condition equal to or better than similar equipment in every

day use. (16) (Appendix 3) Based on these results and other data
inputs, the Bundeswehr is reportedly going to going to "lay-up"
and preserve one-third of their forces using this technique. It
is important to note that energy costs for this technique are
extremely low and the storage package (flexible cover and
dehumidifier) require minimal attention and maintenance.

Similarly, evaluations conducted by the U.S. Army 21st
Support Command in Europe also indicated that the use of DEW
technology with flexible plastic covers was the most cost-
effective method to store war reserve materials (specifically,
tracked vehicles were evaluated). (17) (Appendix 4) The 21st
Support Command evaluations included most known storage
techniques. For practical and economic reasons, three methods
were selected for final evaluation.
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These methods, selected for final evaluation, were %

(a) building controlled humidity warehouses (CHW), (b) DEW h
technology dehumidifiers in combination with flexible plastic £
covers, and (c) maintaining the status quo (routine maintenance - @
no humidity control). Results demonstrated that the DEW-plastic ﬁ
cover method provided the benefits of a CHW at a fraction of the o
total cost. In fact, the system had distinct advantages over CHW %
in that it was portable and could be easily transported to g
wherever the equipment was going. Analysis also indicated that $
this EDAM technique was only slightly more expensive that the b
status quo option. A primary difference was that the vehicles ﬁ
protected against atmospheric corrosion and moisture related %
faults with DEW technology were maintained at readiness levels m
close to 99%, while those receiving the standard maintenance were y
at readiness levels below 50%. 3
1,

DEW technology is also currently used by Scandanavian, ;
European and NATO forces to control moisture-induced aircraft ’
failures and corrosion. Requiring no modification to aircraft, 3
dehumidifiers are connected directly to aircraft propulsion ,g
systems (through air intakes) and routed through existing W
environmental control ducts to airframe cavities, avionics, -
radar, fire control, and life support systems. In Swedish s
Defense Ministry tests, this dehumidification application ¢
extended equipment mean-time-between-failure (MTBF) by nearly O
300% on selected aircraft systems. (18) (Appendix 5) Resource 3
savings are on the order of $5 annually for each $1 initially '
invested in DEW equipment. These savings are predicated on $
improved maintenance productivity, decreased system maintenance ﬁ
and spare parts requirements, and increased aircraft availability. x
Dehumidification has acutally resulted in maintenance and 3
logistics requirements changes, e.g., increasing inspection ;
and maintenance intervals. NATO testing on US-made aircraft ﬁ
showed exponential cost reductions for turbine engine repair. -
(19) 3-,
|

N

-12- .

o~

P N O O O X O e O D T T T et AT T s T o g ot e Y Y Yoo ';‘

R T R R R R A o R T S T R R R ey TR R Y T IR

v



S e Wby

O R R I R AR T AT AN W TN IS DU LU IO R R B RV T W e 7 o e e

The U.S. Navy is now leading a Tri-Service evaluation of
DEW technology application to U.S. Military aircraft. This
evaluation will include aircraft in all operating environments,
to include aircraft carrier operations. It is anticipated that
the technology will be implemented on a broad scale and result in
significant logistics and operational benefits.

To address significant moisture-induced corrosion problems
in ammunition storage sites in Europe, the U.S. Air Force is
considering large-scale application of the DEW technology-plastic
cover approach. Ammunition containers have corroded to a state
where they afford no protection to the stored 30mm aircraft
ammunition. Inventory losses running about 1.5% per year amount
to some $12+M. Estimates to refurbish the containers or to
procure new ones range from $200-300 per container (for some
100,000 containers), and even this approach would not totally
prevent inventory loss due to moisture damage. The solution
being considered is to place the containers (in their current
state) into flexible plastic covers, with continual
dehumidification provided by DEW technology equipment. The
savings to be achieved using this approach are dramatic - see
Appendix 1. Additionally, this option results in the least
disruption to ammunition storage sites and offers continuing
ammunition inventory protection, reducing inventory shrinkage due
to moisture-related corrosion to virtually zero.

In the above example, flexible plastic covers will be used
with the DEW technology equipment to achieve the dehumidified
environment. Existing buildings can, however, be dehumidified in
a cost-effective manner using this same DEW technology equipment.
Converting warehouses to controlled humidity warehouses involves
simple sealing of cracks, vents, doors and other areas of air
infiltration. This method can be as simple as stapling polyvinyl
plastic sheets over such openings as well as using simple sealing
material around doors, windows etc. DEW technology equipment can
be sized to ensure that the proper environment is maintained.
Through the establishment of a slight overpressurization of the
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space to be dehumidifed, the "dry air" finds any remaining air
egress routes, and thus maintains the RH at the desired levels.
Installation of DEW technology equipment is relatively simple and
straight-forward. It can be installed inside or outside
(requires no protection) and can be adapted to existing air

ducting or merely provide the "dry air" through flexible conduits
or tubing.

In summary, U.S. Military use of this new technology is
increasing steadily. The equipment is now used to prevent
corrosion in such varied applications as ICBM missile silos,
munitions storage facilities, test and evaluation chambers,
Trident and Polaris submarines, Naval vessels, maritime
prepositioned ships, Strategic Defense Initiative, commissaries
and the Space Shuttle. Considering the high cost of moisture-
induced corrosion (4.2% of GNP - $170B Annual Cost), there appear
to be few areas that cannot benefit from state-of-the-art

corrosion control technology.

DEFENSE LOGISTICS AGENCY - CORROSION AWARENESS AND PREVENTION

The Defense Logistics Agency has long recognized the

DoD and DLA
storage, preservation and materials handling directives indicate
that various materials/items can benefit from storage in a dry
environment with a low relative humidity. (20)

benefits of "dry air" for storage applications.

Specific
application and requirements development, however, is not
uniformly evident.

For example, Defense Industrial Plant Equipment (IPE) must
be maintained in a controlled humidity environment. However,
spare parts that could be used on industrial equipment or equally
important end items do not currently require such a controlled
environment. Significant savings are obtained by reducing
corrosion and maintaining IPE equipment in a high state of
readiness. Similar saving could be obtained through the proper

preservation of spare parts and other materials.
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Within DLA, limited specific functional applications
currently require, by direction, humidity control. Expansion of
the evaluation of the benefits of humidity control in a
systematic routine manner could lead to identification of
additional cost-effective applications of state-of-the-art
dehumidification technology. Such a systematic approach should
stem from a total DLA-wide program based on standardized
considerations of such factors as:

Material/Item in storage
Material/Item composition

Storage duration

Storage facility
Environment/Climate/Pollution
Intended use of the material/item
Corrosion experience

O 0 0O 0O 0O 0 0 O

Dehumidification alternatives

For example, such a programmatic approach should evaluate
the climatic conditions at each DLA storage location. It is
interesting to note that all DLA depots, with the possible
exception of Ogden, Utah, have an annual mean RH in the vicinity
of 70%. Relative humidity averages throughout each day and
season should be considered. Standard data is available in this
regard for the entire United States. (See Appendix 6) Another
factor to be considered is stored material composition. Managers
and technicians should be knowledgeable of the corrosion
characteristics of stored material for which they are responsible.
Current storage practices and results should be quantified.
Existing external data should also be reviewed for applicability
to DLA material storage.

The costs of corrosion within DLA should be identified.
This can be done on either an Agency-wide basis or within
specific functional areas or depots. Such information is
essential to make rational economic analyses and decisions. The
true costs of corrosion need to be considered, e.g., item

refurbishment, inventory shrinkage, equipment damage.




Evaluation criteria for analysis of the need for and
benefits of corrosion control can be based on, but not limited .
to, three primary areas. First, what environment will the item,
equipment or material be stored or operated in? Questions to be
addressed include what is the relative humidity in the early

e W

morning hours when corrosion formation is at its worst? (21)

What is the average relative humidity and what pollutants are in

-

A

the air that influence the rate of corrosion? Second, what is
the composition of the item, equipment or material? Is it
" hygroscopic (absorbs water) or non-hygroscopic (such as metal)?

R PR

o
[lgr R S

What effect will moisture have on this material in terms of \

corrosion and moisture related damage? Third and last, what is t

e M g am &

the intended use of the item, equipment or material and what W

P

impact does moisture-related damage have on readiness and costs? v

K

A PROGRAMMATIC APPROACH TQ STATE-OF-THE-ART DEHUMIDIFICATION USE

P R X
o m -

5

Scandanavian, European and Israeli use of state-of-the-art

dehumidification techniques to lower maintenance costs, increase

o

foar
g

maintenance productivity and improve the readiness of their
forces is well documented. It is interesting to note that the

-

greatest use of new dehumidification technology is in countries

that require a strong military and yet, do not have large defense .

s’

-
-~

budgets. 1In Sweden, virtually everything from clothing and &

~
™,

R

textiles to operational aircraft and combat vehicles in daily use N
are protected by dehumidification. The economic justification is .
obviously compelling. In the United States Military community

i -

there is growing awareness of and interest in new

A AN

dehumidification technology, from economic, readiness and X
productivity perspectives.

P

As can be seen from this limited research, the cost of
maintaining the "status quo" is significant, whether considering

-

large-scale storage requirements or operational weapon systems N

and equipment. Limited resources, coupled with the need for
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sustained high levels of readiness, require improved
preservation, prevention and storage techniques. Such techniques
and technology are available with benefits well documented by
U.S. and foreign military services. A programmatic approach to
DLA dehumidification requirements determination is recommended.

RECOMMENDATIONS
SINGLE DLA CORROSION PROGRAM FOCAL POINT

o Identify a single focal point within DLA for
corrosion-related matters

POLICY REVIEW TO ESTABLISH DEHUMIDIFICATION REQUIREMENTS
o Review existing policy documents leading to policy revision
requiring dehumidification of storage, e.g., DoD
4145.19R~-1 and other DoD/DLA documents

REVIEW STATE-OF-THE-ART CORROSION PREVENTION TECHNOLOGY

o Systematically review and evaluate state-of-the-art
corrosion prevention technology

QUANTIFY CORROSION LOSSES

o Identify and quantify the corrosion problem within DLA from
technology and economic bases

ECONOMIC ANALYSES OF DEHUMIDIFICATION BENEFITS

o Develop economic models for dehumidification application
analyses - identify germane factors
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PROGRAM PLAN

o Incorporate efforts into an overall program and develop a
time-line and milestones for program initiation, development
and implementation

o0 Integrate with other productivity or resource programs as
may be appropriate; align with DoD Programs such as the DoD
Productivity Improvement Fund Program or Productivity
Enhancing Capital Investment Program (these may be funding
source alternatives at some point)

TRACK SAVINGS

o Require compilation and tracking of any savings accruing
from dehumidification initiatives
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APPENDIX 1

Alternatives - Ammunition Moisture Control
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: Alternatives - Ammunition Moisture Control 3
Estimated 10 Year Life Cycle Costs (3) :
; ?
’ Status Container  Container y
: Per Container Quo Rework Replace DE )
Rework - 200 — - :
h Replaced —_— —_— 300 —_— 1
' ‘l
' DEW Equipment —_— -_— —_— 49 g
] .
'd Logistics Support * 3% ¢ 10 .
4 .
E Load/Unload Containers — 10 10 - ‘
R )
. Inv Shrinkage ¢ 1204 802 802 0
E TOTAL Per Container 1204 1012 1112 59 b
] 10 Year Program Costs: ~ $1204M  $101.2M $1112M 5 5.9M '.
k N
" g
3% Logistics Support Costs Not Estimated For these Options N
) ¥3¢ Status Quo 1.5% Annual Loss Due to Corrosion-Moisture :
B Refurb 1.0% Average Annual Loss Due to Corrosion-Moisture '
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State-of-the-Art Dehumidification - Schematic
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APPENDIX 3

Bundeswehr (FRG) Edam Test Results
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Long Term Storage of Tanks
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SUIIECT: Translazion of Federal GCerT=z=an AT3y Cast repor:.

1. A briet s7nopsls wizh a list of abbrev{actitons used, and thelc
probadle meaning, {s followved By a (rvee translacion ¢f the FRG
test repors docuaeataziosa avalladle.

2. 2 Tanks, M43 A2, vith 90mm cannon were;
4. complataly overhauled and preserved 12 19756.

5. placed fadividually {ato dehuaildifiad protec=ive
envalopes.

¢. vezoved from storage after 1l years and 3 monthks, {ia Qet 87.
d. depreserved, teszed, fired, and cesc driven.

e. Were found 3 be in good coadicion, and free of
¢srrasioa. The protective sysctea was Lla good coadition, excepnt
the excarzal dasadoards, which shoved sizas of weatheriag. The
dehuzidlifiers shoved perfec: perforzmance on the day of t2e cast.

2. had oll samples zaken £froa the eagines, fizal drives aand

the turrat hvdraulic.

8. Were found to have alnor deficienciles {31 the turrez and
veapons systan due to leakage and mianor seepage. All
deflicieacles were corveczed by toppiag up oil levels, azd macual
elevacing puagss were bled and filled.

. warvs borascsoped, and the reczasill was exevcised 10 - 12
tizes. No defazs3 were found.

4. were firad (5 vounds each), and r
each). No defeczs were found tha: were a
teca praservation or staoraze z:ethod.

2ad teszad (150 miles
ttridyzadbie Lo the long

'~

| 3 = P ' L% ]
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SU3JECT:

Translacloa of Federal Gerzan Arzy tess repocs.

3. Translation snd approxilate equivalents of abbreviacioas and
acroayas used {a the reporft by the Federal Rapublic of Geraany

(FRG) Buandeswvaehr.

Mazerlalaac des Heeves (MaciH)

Az

Y-Nr.

BMY7Vg
(3undesainziszariua fyer
Verteldizgnung)
Pruefsctufe C

34

(3uadeswvenr Beschaffungsaaz)

Heavasaaz, Koela

deervesinstaandsezzungsverk
(fIass¥erk or ZIW)

0¥

ZrpSe

Defense Materiel Manageament
Qffica.

(equivalent to OS Aray aMC)
File nuaber

Vehifcle ragistcracion nuaber.
(equivalaac ts USA nuaber)

Minlsery of Defanse

Test and {z2speczion level C
Geraan Aray Acquisizion aad .
Managezent 0ffice.

(equivaleaz t3 US Aray TACOM)
Depart=ene o0f the Arzy, Cologae
Tarritorial Coamazd

Logisziecs Command

Supply Coamand
Macarisl ?Presacvation

Aray Malazenancs Planc

Ou=Zquipaeas~Mountad Matsrciel

Tos%ing facility
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Mazerialaat des Heeres 35483 Bad Neuenahr-Ahrveiler, 15 Ocz g7
T I D - 3&3 Telephone Civ 02641/88-25.13
Az 80 - 03 - 08

Reporet coacerniag the depreservazion, firlng,
aad driviag of Ttwo taanks, M43 A2 C 90m=a, after
long ter3a storage. (1l L/4 years)

Y-Nr 464 4Q7 aad 509 171

Reference: Corvsspondence froz Mialscry of Defense, 29 Dec 86 to Macax

Eagl: =« 4 = (15 sheecs)

Raquiraesgent:

The two tanks M43 A2 C 90 == were complecely overhauled, anc
preaserved ia 1978, and wvara pu:z Late loag teva s:zorags ia
danunidified protaccive eaclosures. After 1l 1/4 years, the
folloving vere to be exaxlined on the two tauks faor readizess
testing afsar loanz tazra staorage

« Depreservation work
- Pruefscufe C

- FTiriag zascts

- Road tests

and the f{nal evaluatlicn was 9 bde perforaed.

The depreservatisn and the perfisr=ance of the 2ruefscufe C on
these taaks was perforzed at the scovage sits {a the Hateziel
Dapot at 3ovigay, 3elzlua. Ths r2spective repors Ls at eacl 1.

Aftarvards, the vehlcles were transported on HETs froa 3ovigny to
the exercisiag area at Baumgholder, where the firing aad road
$3sS%s vare perforzed, .

The results of the firing tes:s, with carzet pattera, are includad
L3 the rveport at enclosure 2.

The resul:z of the road tast {s ac enclosure 3.

The vahicles, Y-Nzr 464 407, aad 509 171, were transported by
order from the 3W3 -~ XC II S, 15 Oct 87, oa HETS from 3aunnolder
Co the WTD 41 at Trier, where exaalnacticas of major cosjponants
are to be perforzed. A sepavate report will be sudmitted.

Civilian addrass: Haupzscz. 129 / Civilf{an Talaphone: 02641/88~1
5483 Bad Neuanahre=Ahrwellar Telex: 0861852
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Suszary/Canclusian

After LL years of loag tara stacrage tha canks showad no dafacts S
thac affecz chelr comdalt readiness.

It should be noted that {n regard to the long tara storage syscea R
ugad, (procective envelope wish dehumidifier), only the

basedoards outside the cover had in part beccme unusabdble due to )
wveazhering.

The 'longtarz scovage gystez {a dehuaidified proctactiive covers'
was successful for che storage of the caanks M43 C 90 aa, which
meanxs chas all regquirements imposed were acet.

—
R e X

By order

(sizzed)

BT

Ditcaar

L=<

- o T

. €
PR e

P

M R

Page 3: Disecribucion of carrespondence to include 29th ASG, DMAT y
Page 4: List of participants at Mtg, Bovigny, 13 Oct 87, subj: !
Depresarvation of M48s.




Eazlasure | €3 ltz MacaH, TID - 540

Az 80-35-98, 15 OQecz 87
Mazerialaac des Heeces
T2y ~ $40 B3qvigay (3E), Q7 Qcz 37
Hearesinscandsezzuagswesk 850 (Placa of aseating)

Repors on the depresarvaticn aad the rasul2s of the
zescs at Pruefscufe C on cthraee tanks M43 A2 90 aa
afcer lonz tara storage.

The tanks S0 be dapreaservad aand tested art Pruefszuyfe C all
yaderveat a3 ¢omzleze overhaul as HIW 850 La 197§.

0n order from MazAH 4in Oct 37, the followinag tanks, preserved and
szoraed La dehuaidifiad protsctive covers, are to be exaained,
3fzar haviag baea sczored far 1l years aand 3 @caths wizhous
{nzeria exerciaiag or cacte:

Y~ 465 336 placaed ta stavags oa 02 Jul 76
7= 464 407 placed ia 3caragze an 03 Jun 7§
Y- S09 171 placed La sctavage on 12 Jul 76

The 22373 were pariorzed by personnel from MazaY (gazerzal
csadieion), 3W3 (tachatcal) and HIW 850 (autcaoccive aad weapons)
wizhia che raquirezeazs of the Pruefscyfe C.

The manufacsurd 33 fizas Munzers and Plouquet were offer=d rhae
ozporsunisy ducing the depresarvation and tests, tod observe the
funczlional vesulcs of thelr denuxidiifers aand procective covers.
Genara

giadiangs for the tanks Serial Ne. (¥-) 454 386, 6464 407,
7

-
e

- Humidizy fndlcatsrs all showved a reading of 403 rH., (Readlags
were takan froa the {adicators away from. the sun) )

~ Upper par: of proczaczive cover free of damage (Y-464 407 & 3509
171)

~ Upper pavt of proteczive cover showad slight dasazge f{roc
2ezhani{cal influence
e 464 386 (Daaaga; 2 inch size hola)

- Dehuzidifiers (2) showed perfec: perlaoraance on tast day, S Oct 87
(Munzers company provided proof of perforaed serviciang and

exchanged parcs for cthe dehuaidifiers Sarial ¥r. 7712 & 7920)
Both dehuaidifiers werae manufaczured 1975.
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= 0Ll saaples wars rakea oa ovder froa BW3 KGC IT S from

the eagine '

the final drives, left aand vighe

the turret hydraulic. Appropriace analysis on age and
useadilicy will be perforaed by the Cescing facilicy 41 ta Trier,
and resulzs resorzed to the 3IW3 K& I §,

- The roadwheels on all 3 ctanks vere marked at the positions on
wnich the waelight of the vericle rested during the loag tera
scatvagse, and were exaainad afzer a first road tes:z (ca. $ Cimes
rsund the dapot). Technical defects wers not fouad. Leakages
and heasing did not cecur.

- The bare nezal surfaces at the gun zube cuzzlaes
wizh K9 and VCI paper showvwed no sizas of corrosion.
The s30ke grenade lauachers that wera protecced wizh X'! wera
ee of corrosloa.

w0

1 zhe

- ALl three Zzaaks veres found, after visual {aspection, inside acd
ouzslde, =25 be Lin good condizlion, and free of cor-osion.

- The lower parcs of the prozeczive covers for all chree canks

vere found t3o be undazaged, and wi:h the upper parss, ready for
recse.

-~ The baseboards of the three protaczzlive covers ace, Because of
weazhevtiag, only 1z parts ready for reuse.

= The Iuternal suprcrt boards of the three protec:zive covers arce
1a pariect, raugadle candizion.

- The following parts froa the OZM gels were {aspected:

Y- 4646 184

1005-00-336-0360 St=el ring, Machline gud, cal 5Q. Preservation
Maezhod IC2; No corroasion.

1055-12-142-0990 Brush, Cleaning. Preservation Method IC2; Neo
corrosion.

4933-00-723-8638 Ex:ractor, applicazion ‘tool. Praservation Method
gTeaseproof envelope; No corrosioc.

Y= 464 4O7

1015-12-140~-0862 Brush, body. Preservatlion Method I; ¥No
carraosion.

1005-00-591-0167 30x with repalr parts for Machiae gun cal 50.
Preservation Method K18/IC2; No corrvosion.

B C P RS AVRA L0 It B T WY RN
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Y- 509 171

1903-00~-391-Q0L67 Repalr parts for Machine gun cal 30.
Praservacion Mechod K138/T; No coarrasion.
1005-12-140-0863 Cleanling rad. Preservaction Mathod I; No
corrostion.

All three zaaks were ready cta drive afzazr 2 1/2 hrs depresesvation

aad autoaoecive preparations, aad adsolved 6.25 to 9.5 ailes
wizshin the depot area wizhout problaems.

Tachalcal aucgsaceive rasylcs (a accordance wizh Pruefscufe C
L. ¥= 309 L7L - Yo dellcienzlias.
2.

Y- 444 4Q7 - QilpressuTes sensor on transaission exchaanged.
Ozherwvise, 00 deficiancies.
3. T~ 4854 388 - No defizlanclies.

Turrer and Weaoon Svstem resulls {a accsordance wizh Pruefscufae ¢

Thae Currefs and weajons s7stan3 were ftastad {a accordance vith
Pruefszufe C and puz Llatas operazion.

The followlag deflzlaencles wers noted:

V-

464 384 .

anual elevazinzg puap nca funetion.

faov seesagze on the valve lock SR§.

Ocherwise ao deficiencies; cthe eancire hydraulic tucrcet
elavatling syszea wa3 funclfional without ravork.

1 ¢S

¥- 509 171
- Maaual alevazing suzz a
Tectal ofl loss (ca. 78 lizers) i oll rasarvolir caused by a
2ax taetvaqn elacirlic¢c amoczor flange and oll reservoir.

Pragssura loss L2 gain reservolir, abou: 20 barc.

Minor seepaze a: cosaneczioz of valvae lock.

4

VoI

[ A |

Miaor seepaze az ghaft of sight angle transfer.
Ye 464 4Q7 *
- Maaugal elevazliag pump non fuacclon.

Minor saepage at replealsher for recoil.

Ia ordar to corrvac: the deficiencies,
up,

all oll levels were topped
and the manual elevatinz puxaps were bled and filled with oil.

e e r v PR EA™ SRTIE




a

The caanon tubdes vere depreserved, cleaanad aad barescoped.
The results mnatzhed the enzrles La the gun books.

The racoil mechanisa was exarcised 10 - 12 et{aqs, aad no
deflclencles were nated.

The adjusctzent and funciioa of the appliad aagle sensor was
checkad, no deficlency was found.

All prepazacions far the test flriag wera perforzed.

The tanks Y- 464 407 and 509 171 were traansporced oca 7 Oc: 87,
Sully fueled anc wizh all COE] and BII sets, via HITs =5 the
exercising area at¢ 3ayaholder.

2 Machize guans caliber 59,

2 Infrzared viever asseadlfies

rexained at the Materlal Dejoz for security reasozs.

The Mazerial Denc: Bovizny (s requestad ta shis these L2223 o
the receliviag EZgqulpzent Depof as soon as the furcher tachaleal
Tests aTe csapigsad by EZr&p3z 41

The shooting
road caes: wi
exarslsing a .
The protective covers frsa the adove tanks will be zetalined for
the tizxe belag as 3ovizay.

Tha covers, and :the exzZaraal bYasa-, fararaal suppors-, and wTall
an Soarvds, are to %e cleaned and szored 1a dry rsams.

11 beglar on 8 Cee 87 (5 rourds per tank) and the
bagin ca the 12 Qe 37 (160 miles per tazk) at the

The tazk Y- 434 3856 Ls ta "e defueled, repraserved, and to be
TessorTed {n Cae protectilive cover. The dehumidifier (s o be
csrrecsly coanectad by depot personnel. Maceriel Depot Bovizay is
requedtad t3 rapor: coazlezlion of these aczions t3 MatA® TIO-543
NLT 16 0c: 87.

Por Materialaat des HeeorTas Ffor Heeresinstandsetzueagswverk
850

(signed) ' (signed)
(0i{zz=ar, LTC) ({ursawe, Sergzeant Major)
Zacl 1. :

An atzendance listz (s attachaed; :

Participants at cthe road test at Bauzholder, 12 thru 14 Oet 87.

Enec)l 2, pages 1 & 2.

Results of firing tes:z, wizth tarzet pattera, for M48, Y=464 407.
Encl 2, pages 3 § 4.

Resules of filrliag ctest, wi:zh targec pattern, for M43, Y-509 171.
Encl 3.

Resules of road test of bozh tasted canks M43 A2.

Eacl 4.

Telex froa Munters GabH co Matcarialaat des Heares, 1§ Oct 87,
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The L2laneracy Lincluded highwiy aand rough terrain.

Tachni{cal survelllance and i{nspections of chagsis

ansaisgsion were perforzed az 12.5 ts 31.25 atle

"

Tollowing de

, eaglae and

L T G 1t SO R LTG0 S0 UG R LA LR CA AL A SN SRR N WS AN g S S Dy
- b

Eaclosure 3 of Ler MatAR T I B - S40 -

Az 80-05-98, 15 Occz 87 y

)

Heerasinstandsetzungswverk 8§50 §100 Darascadt, 19 Occz 87 .g
fiaal Iaspeczion Resules Michaeliscz. 35 ¥
- Poszfach 42 27 N,
Exc. & 25 Y

1

?

J

Macerizlam? das Heeres :
T 1 0 - 3543 A
Hauptser. 129 N
5433 3ad Neueanahr=Ahrweller 1 '%
g

%

3

Sublec:: Road cast of 2 taanks 448 A2 after loag terz storage aad .'
Tazz level 'C’ -
:

3otk taaks, Y-¥Nr. 464 407 and 509 171, veras road ceszed oo 12 and [
13 Oce 87 at the exercising arcea at Bayamholder. X
)

(‘y

i an dn

incervals.

fcleaclies oczurred after 112.5 miles road test: <

Y = 509 171: Loss of oifl from right hand fizal drive )
(Outer saal dafect) 4

»

Y - 464 407: Powerloss of englae e
(?z0bably due to defact of 2-3 {ajection nozzles) %

3asides the above deficlencles, which are noz caused by the ’
long taza preservatloa, the coapleca £33t passed wizhout any )
prodoieas. .
(sizned) N
Kursawve "
Serzeant Major .
' "

r

f;

Eacl 1. N

Report of Deficlency for taak M48 A2, ¥-509 L71.
Baecl 2.

Reporet of Deficlency for taak M48 A2, Y=-464 407,

N Y, "l- - >N LRI

-

-
-
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¢
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4
.! Znclosure 4 of Ler MacAH T L 0 = S4@
9 : Az 80-03-08, 13 Qcc 87

; :F 861852 macah d
T 2161836 aquac d
;'. clx.~no.0142 87=-10-186 10:12

gl/ge

To: Mazcari{zlan: des Heerss, 3ad Neuenahr
ATTN: T [ D 543
(Mr Heldencelch)

L}

zom: Xunzars Gadbd., Haeburz, G. Lach=maaa

far the tanks M43 Depresarved

Subjecz: Muntess Dehuaid e
zL vepaet Bovigny

4 8
on $=4 QOcz 87 at Mazerial

A regular, vearly servicing of the dehunmidifiers has bdeen
! parior=ed sinznce 1980. The f3llowving parts of the dehuuaidifiers
vwere axchanged during the entire fuunctional jperiod:

, Dahuatdiflier Manufaczuyrers Nuadar 7712.
! Tz rr v r X T R % X R _N W R _E E L N _E % F N R R X X _F T R _FR-W )
set beariags for the ventilator

dry wheel seal

max. ther3osgsat

esazzol ligzgnhc bulbds

[o V0 Bl e ol

Dehuaidifier Manufacturars Nusher 7920.
1l gsec beariags for the ventilazor
1 motor csadensatar

T T TR U T e e N S T T Y WP, W

1 dzy wheel

1l ex-protecsive-relatls

11 conzzrol ltght bulds

Tha: eads the requested Laforaation.

afz

Muanter GabH, Haaburg,
. C. Lachaaan

2161836 aunt d
861352 macah de




APPENDIX 4

21st Support Command, U.S. Army Europe
Determination of the Most Efficient Method

for

Long Term Storage of Tanks - Extracts.
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1. EXECUTIVE SUMMARY 3
- The readiness rate for track and wheel vehicles stored outside, without 3
protection from the elements detericrate to an unacceptable rate. W
: Wi

- All factors relevant to the storage of track vehicle have been incorporated '::
in this report. : ‘:{
A

- Manpower cost dictate the frequency of manintanence for eguipment .
stored outside. E:
L

- Feasibility studies we conducted on three dry storage techniques (1) :nf
Dessi_cant (2) Refrigeration (3) Rotary Dryer. Dessicant and rotary dryers :'.‘
techniques were selected for extensive duration evaluations. Ultimately b
rotary dryers in combination with storage bag proved to te the preferred s
alternative. e
4 3

- This economic analysis was conducted to determine the most cost K
effective dry air stcrage option fcr war reserve materials EDAM was proven &

to be the best alternative. It provides an efficient, effective, yet strategically
viable storage alternative to alleviate the shortfall of 178 ea controlled

humidity warehcuse (CHW) in USAREUR EDAM systems are less expensive o
but more versatile than CHW. "
)

2. PURPOSE 1
To determine the most effective method for long term storage of combat e
vehicles. - "
.

3. BACXGIOUND 3
a It is a fact that relative humidity (RH) between 40-50 percent »
provides the most efficient envircnment for protecticn of equipment and .
materials from rapid detericration. It prevents rusting of iron and steel ¥
without application of preservatives, also conserve the quality of other than o
iron/steel 0
. N O

. . . ]

b. CH storage is a mandatery requirement for proper and economical
maintanence of expensive and scophisticated Army material in leng term N
storade.
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¢. The current shortfall of 177 ea CH warshouses for POMCUS and TR
equipment in Europe requires research of alternative methods. Swedish,
British. [srealj, and FRG Forces have tested and implemented various dry air
systems in connection with flexible barrier shelters, protective plastic
covers, or special tailormade seals. NATO (FRG) stock numbers are assigned
to some dehumidification units and flexible shelters in use by the
Bundeswehr.

d 21st SUPCOM has tested 6ea M60Al and 2ea M-1 tanks in
open/shed storage at Reserve Storage Activity (RSA) Germersheim. All tank
openings were sealed and only the interior compartments dehumidified by 4
ea drying units (one for two tanks). Test results are favorable but will
require a cost comparison with the flexible shelter/dry air systems used by
Swedish, Isreali, and FRG Armies. '

e. A new test with 6 ea Bradley Fighting Vehicles (BFVS, M2/M3) is
scheduled to start early June 86 at RSA Germersheim Vehicle will be
Flaced in flexible shelters and 2 ea dehumidifiers will provide dry air for
these shelters. Test conditicns will be identical to the system used by the
German Army.

4. ALTERNATIVES
Alternative (1) Status Quo -Open Storage
Alternative (2) Controlled Humidity Warehouse (CEW).
Alternative (3) Enclosed Dry Air Methcd-EDAM.
- Use of individual flexible shelters for tracked and
wheeled vehicles, CL IX components, CLII and IV, CL V,
and CL VIII in ccnnection with dehumicifying devices ie.
5 (4 tanks connectad to one dehumidifier).
. aet img it
a. No methodclogies exist to predict CL II/IV consumeble on CL X
repair parts requirements for tanks undergoing COSIS maintanence. War
Reserves RSA's maintain neither an accurate statistical nor mortality
utilization data base of supplies consumed by specific type of vehicle.

. b. The pepulation of vehicles fer this analysis, is based on th amount of
space identified as suitable fer stcrage of tanks in Germersheim and
Kaiserslautern. Additional space, suitable for storage of tanks, is available or
can be made available at both locations.

¢. Numbers of M60 series tanks used in this analysis, is based upon th
numeger of tanks in storage at RSAG and RSAK, as of the initiative date of this
program: Germersheim (758 ea), Kaiserslautern (800 ea).

d. Dm/$ conversion rate used for this analysis was DM 2.46 per $1.0C.
(a/o 15 April 1987)




e. Initial EDAM surface site preparation cost includes installation of =:§i5
computer controlled Energy Management Systems (EMS). _ e
~ f. Computations were based on a twenty-four (24) month cyclic “c’
maintanence prograrns, reference HQ 21st SUPCOMs ORSA's COSIS study. o
1

. 5}"\

g. HQ 21st SUPCOM, ORSA COSIS study data has besn incorporated in i

this analysis, where applicable. ‘
h. Technical liason visits were performed to Sweden, West Germany, };‘
United Kingdom (BAOR), Switzerland and Isreal Secondary data was :‘.:*
obtained from Denmark and Norway. ut

L Operating cost for various dry air storage cpticns are based upon
long duration test conduct as RSAG and other allied armies experience using o
similar configuration i.e. Bundeswher.

(N
(A
j. Three drv storage opticns were tested (CY 84-8€) at RSAG. ::'z;
a. Desiccant inside an enclcsed bag system (nov 84-Dec 85) W
b. Top cover for direct weather protection. Drvers forced -
"dry air* inside the crew and engine compartme=t only. ;!;
¢. Enclosed Dry Air Method (EDAM). The entire vehicle is en- o
closed in a light weight storage envelcpe into which dryed ::il
air was pumped. '
Rationale for rejecting options a and b are on file with HQ 21st SUPCOM, "
AERLO-MQ. In essence the relative humidity (RH) for ortion a could not be {:.j
constantly maintained, alse the tarrier material recuires MEE to emplace. e
Opticn b is feasible but not viable cdue to the leakage of "dryed air* from the o
vehicles interior. This leakage resulted in an unacceptzbly high electrical ¥
consumption rate EDAM was selected for further econcmic analysis based ot
upon its near perfect RH constant and low electrical consumption. :::2
" 0
‘::‘
7
2t
3
\
]
'I
W
I
W
4
b
O
l..‘
0‘::

4
Sp A - : IR AR R N AN KR R O U RN R G R O T R A O R TR O UG AR TR R OO Ay g% Ha® 1® Ra® T Ba* gal £t % 0
L L T T T e T T et 0 L L T T U i S Mt e

A, ' [ el



vvvvvvvvvvv

v. Data used in this Economic Analysis is based in three part on tests of

the Enclosed Dry Air Methods (EDAM). Test one was set up with two tanks .‘
covered by tarpaulins and served by one dehumidifier. Test two, still in ::.
progress, is set up with the BFVS completely enclosed in DRICLADS b,
configurations of 21, 3:1 and 4:1, at different times. The two graphs show N
the energy consumption per vehicle by configuration. Tanks covered only by B
tarpaulins show large fluctuations in the consumption due in largew part to | ]
sensitivity to the external atmosphere and leakage of "Dryed Air". The "

energy consumption of BFVs in DRICLADS proved more stable and consume
only a fraction of the elctricity required for tanks under tarpaulins. Average

costs per tank is calculated at 0.17 DM per KWH (Vehicles:Dryer) 2:1 %
configuration under tarpualins: 40223 DM per tank per Annum. 21 <
configuration inside DRICLAD: 5492 DM per tank per Annum. 3:1 b
configuration inside DRICLADS: 28.66 DM per tank per Annum. 41 "
configuration inside DRICLAD: 30.27 DM per tank per Annum. b
N
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APPENDIX 5 N

Swedish Defense Administration

The Driest Air Force in the World v
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"The Driest

Fig. 3.
Dehumidification
outdoors of aircraft
32 at FI3M.

of the World

£o 84"

] Force

Text: Stig Hjulstrém, The Swedish
Defence Materiel Administration

Photo: Niklas Forslind, FFV

All hangars of the Swedish Air Force have been equipped
with dry air installations for dehumidification of aircraft
and helicopters. The evaluations carried-out show that
the readiness of our aircraft has increased and the
maintenance costs have decreased. The investments, as of
today about 5 million Swedish crowns, mean lowered
maintenance costs of appr. 25 million Swedish crowns a

year.

n an earlier issue of TIFF, tests
carried-out during 1981 at the
Wing F10 were described in
detail. The summarizing report

on these tests showed that the
operational reliability improved by
26 %, which means increased
availability by 5% in absolute
amount.

Tests at F10

The F10-test resulted in the decision
that all hangars in the air force should
be equipped with dry air installations
for aircraft. This task is now com-

pleted, except for the rock hangar at
F13. The total cost for the entire pro-
ject is about 5 million Swedish
crowns, including the whole testing
activity. The pilot project.indicated a
reduction of the maintenance costs of
about 25 million Swedish crowns a
year for the whole air force.

Renewed Evaluation

A renewed evaluation has been car-
ried-out at F10 during the summer.
This evaluation shows that the result
surpasses the calculations made dur-
ing the test period. The complete

Fig. 1. Aircraft 35 MTBF 25 pre
Draken. Evalua- .
tion of faults 2 -
Comparison
MTBF. PS and SE:)
cabin equipment. 8 14

1) 23 pes sircral without dry sir 2 1 SE1)

me period Jan. 1-Dec. 31, 1981 72

2) 10 pes dry siv connecied sircraft (lest).

time period Jan. 1-Dec. 31, 190+ S
3} 52 pes dry air connecied sircralt (stationary gt ),
#one geriod Jan. 1-Dec. 31, 1906 0

ST 3 T D s
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Reprinted from TIFF No. 3 1986

installation with all aircraft connected
to dry air has implied prolonged fail-
ure intervals for radar and cabin
equipment.

Fig. 1 illustrates the tests in 1981
(shaded columns 1 and 2) and the
renewed evaluation in 1985.

As appears in the chart (Fig. 1), the
MTBF (Mean Time Between Failure)
has increased from 7.2 without
dehumidification to 20.5 with
dehumidification, which is almost a
triple of the MTBF value. (The
evaluation covers only radar and
cabin equipment). The number of
fault indications during a flying time
of 2 300 flying hours (allotment of the
division) have decreased from 320 to
112. This results in a difference of 208
failures which, if improvements of
other systems are included, leads to a
decreased fault-tracing of 1.5 a flying
day for the personnel at the company.

Analysis of Fault Indications

At an analysis of the fault indications
having decreased immensly or elimin-
ated, the contact corrosion should be
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Fig. 2. Aircraft 35
Draken. Evalua-
tion of faults.
Comparison ;
MTBF. PS no ac-
tion, and unit re-
placed.

mentioned, for example, flash-over in
cables or connection pieces and fail-
ures in circuit charts and relays. The
faults mentioned above can be refer-
red to in the category “No action” or
to what one used to call “the UA
(without  complaint)-gap™. The
remaining fault indications are due to
component or unit failures and gives
rise to replacement of the unit, (Fig.
2).
The fault indication “No action”
often involves a  far-reaching
faulttracing which is time consuming
and causes long obstruction times and
decreased availability of the aircraft.

The renewed evaluation concerns
aircraft 35 Draken only, which might
explain the surprisingly good resuit.
Earlier evaluations of aircraft 35
Draken, however, show the same
trend, even if the good results are not
that clear.

A similar evaluation as carried-out
regarding aircraft 35 Draken will be
accomplished on aircraft 37 Viggen
next year to verify the confidence of
the evaluation from 1984.

Great International Interest

The excellent results of the dry air
method for aircraft in service have
aroused a great interest around the
world which in turn has given us the
opportunity to inform many other
countries about our experiences, the
USA, England, the Netherlands, and
even Singapore, for example.

In June, representatives of the
Royal Air Force visited us and got the
opportunity to see our applications of
dry air connected to aircraft, helicop-
ters and stores.

The RAF representatives spent one
day at the Wing F21 in Luled where
the technical manager Ingemar Eriks-
son and his colleagues had arranged
an educational visit which made a
great impression on the people from
England. Although the main reason
was to see different kinds of dry air
installations, the visitors also got the
opportunity to witness the Air Force’s
effective organization and working
methods.

ff«h-m Jan. 1-Dec. 31, 1081;%
). 2 po dhy 'k connercied elrers ¢

High Availability at Low
Costs

The introduction of the dry air
method on aircraft in service has as
mentioned above resulted in an
increased readiness of aircraft at a low
cost and one can with good reason
claim that no action, modification or
the like has been able to increase the
availability to the same high degree
with that modest economical invest-
ment.

An investment of appr. 5 million
Swedish crowns implying savings of
25 million Swedish crowns a year is
surely unique in the history of the air
force. Considering the increased
availability, the savings are even
higher.

Continued Expénsion

The installation of dehumidification
plants for aircraft in hangars is now
almost completed and there are plans
to go on using the technique on air-
craft set-up outdoors, for example.
during alert preparedness. The prob-
lem is the supply of electricity, 220 V,
on site. When this is solved, it just
remains to design and produce simple
trolleys fitted with dehumidifiers and
connection hoses.

The development of these trolieys
is already - completed and they are
used for the dry air connection of
Tp84 outdoors. The use of the trolley
is also tested at the Ist Helicopter
Squadron for the connectinn to
helicopters and at F13M for dehumi-
dification of aircraft 32 (Fig. 3).

Storage of Materiel at War
Bases

The new ““Profile 90" of the air force
means that the war formations have
been and will be supplied with a great
deal of equipment not necessary in
peace production.

The additional equipment is due to
the increased movability required on
Base 90 where ““Alert preparedness”
and “Mobile rapair service” demand
a large number of vehicles and trucks
fitted with equipment to be used for
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readiness, service, and repairs on air-
craft sites spread over a lage base
area. In peace production, the aircraft
comes to certain places where all
resources are already available, while
the situation of war requires that the
resources, personnel and equipment,
come to the aircraft. The extended
number of materiels has caused an
increased demand for storage spaces
on our war bases.

Existing and new stores are succes-
sively fitted with dehumidification
installations to create an acceptable
environment for long-term storage of
sensitive materiels in these premises.
The installation of dehumidification
plants in stores is carried-out mainly
by the units themselves. supported
financially by the Swedish Defence
Materiel Administration.

Increased Maintenance
Intervals

Storage of materiel in dry air is a well-
known method in the army. Already
at the end of 1950, the method was
developed in cooperation with the
company AB Carl Munters for use on

materiels requiring long-term storage.

The experiences from the army have
now been utilized by the air force and
will in the long run give lowered
maintenance costs as coitosion ard
moisture dam: s on the materiels
can be decreased and the mainte-
nance intervals can be essentially pro-
longed.

To illustrate the advantages of the
use of the dry air technique, the stor-
age of brake chutes for the aircraft 35
should be mentioned. According to
previous directions, brake chutes
should be repacked after 8 months.
After tests carried-out together with
F10 and F13, the time for repacking
has been changed to “when necess-
ary™ if the brake chutes are kept in
dry air.

The work with prolonging the
maintenance intervals for long-term
stored equipment in dry air is going
on and will eventually be embodied in
different directions.

As appears from the above, the dry
air method can be used in many dif-
ferent ways and it highly contributes
to the minimizing of the maintenance
costs for materiel in service as well as
in stores, which most certainly will
lead to additional fields of applica-
tions. For example, our stationary
plants in the STRIL (combat guiding
system) could use the method to
improve the environment for the
extensive and sophisticated electronic
equipment in these plants.

The use of the dry air method in so
many different fields of activities thus
gives us the right to claim that we
have ‘“the driest air force of the
world”. |
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APPENDIX 6

Department of Commerce

Environmental Science Administration

Mean Humidity Data
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